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CLAIMS 
[Claim(s)] 

[Claim 1] In the switching power supply circuit which transforms and outputs direct current 
voltage according to a PWM (Pulse Width Modulation; pulse duration modulation) signal The 
pulse width control circuit which outputs a PWM signal, and the delay circuit which outputs the 
delay signal with which only predetermined time delayed said PWM signal, The AND circuit 
which takes AND of said PWM signal and said delay signal, and is outputted as a switching 
signal, The field-effect transistor which is intermittent in direct current voltage in response to 
said delay signal (FET;Field Effect Transistor), The insulated gate bipolar mode transistor 
which is connected to said field-effect transistor and parallel, and is intermittent in said direct 
current voltage in response to said switching signal (IGBT;lnsulated Gate Bipolar mode 
Transistor), The switching power supply circuit characterized by ****(ing). 
[Claim 2] Said delay circuit is a switching power supply circuit according to claim 1 
characterized by constituting said predetermined time so that it may be the sum of the turn-off 
time delay of said insulated gate bipolar mode transistor, and fall time. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the switching power supply circuit which 
transforms and outputs direct current voltage according to a PWM (Pulse Width Modulation; 
pulse duration modulation) signal especially about the switching power supply circuit of 
stabilized power supply. 
[0002] 

[Description of the Prior Art] By one field-effect transistor (FET;Field Effect Transistor) which 
received the PWM signal outputted from a pulse width control circuit, the conventional 
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switching power supply circuit was intermittent direct current voltage, and was outputting 
[ direct current voltage ]. 

[0003] Drawing 4 is the figure showing the conventional switching power supply circuit. The 
switching power supply circuit 20 is constituted by the pulse width control circuit 21, the 
smoothing circuit 22, Capacitor C, field-effect transistor Q, and Torrance TR in a figure. In 
addition, the pulse width control circuit 21 supervises the output terminal T23 and the output 
voltage outputted from T24, and is PWM signal Wp. It outputs. Moreover, the smoothing circuit 
22 is a choke input type smoothing circuit which consists of a diode, a coil, and a capacitor, for 
example. Since the concrete circuit configuration of these pulse width control circuits 21 and 
the smoothing circuit 22 is known from the former, it omits explanation. 
[0004] The direct current power supply which is not illustrated is connected to the input 
terminal T21 and T22 as a power supply. This input terminal T21 is connected to the end of the 
primary side terminal of Torrance TR. The other end of the primary side terminal of Torrance 
TR is connected to the drain (drain ) side of field-effect transistor Q, further, it connects with 
the input terminal T22, and the source (source) side of field-effect transistor Q constitutes one 
closed circuit. In addition, in the gate (gate) side of field-effect transistor Q, it is PWM signal 
Wp. The pulse width control circuit 21 to output is connected. 

[0005] Moreover, it stands in a row in the above-mentioned closed circuit, and Capacitor C is 
connected between the input terminal T21 and the input terminal T22. And the secondary 
terminal of Torrance TR is connected to the input side of the smoothing circuit 22, and the 
output side of the smoothing circuit 22 is connected to the output terminal T23 and T24. 
[0006] The direct current voltage inputted from the input terminal T21 and T22 by this circuit 
configuration is PWM signal Wp outputted from the pulse width control circuit 21. It is switched 
by field-effect transistor Q. Moreover, according to switching of field-effect transistor Q, the 
direct current voltage by the side of an input is changed in Torrance TR, and direct current 
voltage is outputted from the output terminal T23 and T24 through the smoothing circuit 22. 
Since this switching is performed at comparatively high speed, it is PWM signal Wp. Changes 
loss generated at the time of the standup of direct current voltage and changes of falling is 
comparatively small. 
[0007] 

[Problem to be solved by the invention] However, since the on resistance between a drain side 
edge child and a source side edge child was high, flow loss in which the direct current voltage 
of the part descends had produced field-effect transistor Q. For this reason, when the current 
value was raised, there was a problem of it becoming impossible to disregard loss by flow loss. 

[0008] This invention is made in view of such a point, and it aims at offering the switching 
power supply circuit which reduces loss by flow loss while switching at high speed. 
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[0009] 

[Means for solving problem] In the switching power supply circuit which transforms and outputs 
direct current voltage according to a PWM (Pulse Width Modulation; pulse duration 
modulation) signal in order to solve the above-mentioned technical problem in this invention 
The pulse width control circuit which outputs a PWM signal, and the delay circuit which outputs 
the delay signal with which only predetermined time delayed said PWM signal, The AND circuit 
which takes AND of said PWM signal and said delay signal, and is outputted as a switching 
signal, The field-effect transistor which is intermittent in direct current voltage in response to 
said delay signal (FET;Field Effect Transistor), The insulated gate bipolar mode transistor 
which is connected to said field-effect transistor and parallel, and is intermittent in said direct 
current voltage in response to said switching signal (IGBT;lnsulated Gate Bipolar mode 
Transistor), The switching power supply circuit characterized by ****(ing) is offered. 
[0010] 

[Function] The delay circuit which received the PWM signal outputted from the pulse width 
control circuit delays only predetermined time, and is outputted as a delay signal. Moreover, an 
AND circuit takes AND of a PWM signal and a delay signal, and outputs it as a switching 
signal. And a field-effect transistor is intermittent in direct current voltage in response to a 
delay signal, and the insulated gate bipolar mode transistor connected to this field-effect 
transistor and parallel is intermittent in direct current voltage in response to a switching signal. 
[0011] By this composition, when a PWM signal changes from OFF to ON, a field-effect 
transistor (FET) turns on previously. Conversely, when a PWM signal changes from ON to 
OFF, while the gate voltage of an insulated gate bipolar mode transistor (IGBT) falls 
previously, after collector voltage falls, a field-effect transistor turns off. 
[0012] This insulated gate bipolar mode transistor has low saturation voltage as well as BJT 
(Bipolar Junction Transistor), and its switching speed is slow. For this reason, by combining 
with a field-effect transistor, a field-effect transistor can make the period of ON able to turn on 
an insulating bipolar mode transistor, and can reduce flow loss of a field-effect transistor. 
Moreover, the switching loss of an insulating bipolar mode transistor can be reduced by limiting 
switching of an insulating bipolar mode transistor within the ON period of a field-effect 
transistor. 
[0013] 

[Working example] One example of this invention is hereafter explained based on Drawings. 
Drawing 1 is the figure showing the switching power supply circuit of this invention. In a figure, 
the switching power supply circuit 10 The pulse width control circuit 1 1 , the delay circuit 12, 
AND circuit 13, the smoothing circuit 14, Capacitor C It is constituted by the field-effect 
transistor (FET) Q1, the insulated gate bipolar mode transistor (IGBT) Q2, and Torrance TR. In 
addition, the pulse width control circuit 1 1 supervises the output terminal T13 and the output 
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voltage outputted from T14, and is PWM signal Wp. It outputs. The delay circuit 12 is this 
PWM signal Wp. Received delay signal Wd in which predetermined carried out time delay It 
outputs. AND circuit 13 is PWM signal Wp. And delay signal Wd Popularity is won, AND is 
calculated and this operation result is the switching signal Ws. It outputs by carrying out. 
Moreover, the smoothing circuit 14 is a choke input type smoothing circuit which consists of a 
diode, a coil, and a capacitor, for example. Since the concrete circuit configuration of these 
pulse width control circuits 1 1, the delay circuit 12, AND circuit 13, and the smoothing circuit 14 
is known from the former, it omits explanation. 

[0014] The direct current power supply which is not illustrated is connected to the input 
terminal T1 1 and T12 as a power supply. This input terminal T1 1 is connected to one end of 
the primary side terminal of Torrance TR, the other end of the primary side terminal of 
Torrance TR is connected to the drain side of the field-effect transistor Q1 , further, it connects 
with the input terminal T12, and the source side of the field-effect transistor Q1 constitutes one 
closed circuit. 

[0015] Moreover, it stands in a row in the above-mentioned closed circuit, and Capacitor C is 
connected between the input terminal T1 1 and the input terminal T12. Furthermore, between 
the other end of the primary side terminal of Torrance TR, and the input terminal T12, it stands 
in a row in the field-effect transistor Q1 , and the insulated gate bipolar mode transistor Q2 is 
connected. The collector terminal of this insulated gate bipolar mode transistor Q2 is 
connected to the other end of the primary side terminal of Torrance TR, and the emitter 
terminal is connected to the input terminal T12, respectively. 

[0016] In addition, the field-effect transistor Q1 has large on resistance as compared with the 
insulated gate bipolar mode transistor Q2, and its time which changes with switch-on and a cut 
off state take is small enough. Hereafter, since it is easy, only the switching time of the 
insulated gate bipolar mode transistor Q2 is taken into consideration. 

[0017] Next, PWM signal Wp outputted from the pulse width control circuit 11 It is inputted into 
the delay circuit 12 and AND circuit 13. PWM signal Wp The received delay circuit 12 is the 
delay signal Wd which delayed only the time shown predetermined time by the sum of the turn- 
off time delay of the insulated gate bipolar mode transistor Q2 and fall time which are 
specifically mentioned later. It outputs. Since it connects with the gate (gate) side of the field- 
effect transistor Q1, the output side of this delay circuit 12 is the above-mentioned delay signal 
Wd. It is inputted into the field-effect transistor Q1. Similarly it is PWM signal Wp. And delay 
signal Wd AND circuit 13 which won popularity calculates AND of these signals, and is the 
switching signal Ws. It outputs by carrying out. Moreover, since it connects with the gate side 
of the insulated gate bipolar mode transistor Q2, the output side of AND circuit 13 is the above- 
mentioned switching signal Ws. It is inputted into the insulated gate bipolar mode transistor 
Q2. 
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[0018] And the secondary terminal of Torrance TR is connected to the input side of the 
smoothing circuit 14, and the output side of the smoothing circuit 14 is connected to the output 
terminal T13 and T14. [ with this circuit configuration / the input terminal T11 and the direct 
current voltage inputted from T12 ] Delay signal Wd outputted from the delay circuit 12 
Switching signal Ws which the field-effect transistor Q1 is switched and is outputted from AND 
circuit 13 The insulated gate bipolar mode transistor Q2 is switched. Under the present 
circumstances, PWM signal Wp When changing from OFF to ON, the field-effect transistor Q1 
turns on previously. Conversely, PWM signal Wp When changing from ON to OFF, while the 
gate voltage of the insulated gate bipolar mode transistor Q2 falls previously, after collector 
voltage falls, the field-effect transistor Q1 turns off. 

[0019] Therefore, flow loss can be reduced by connecting the low insulated gate bipolar mode 
transistor Q2 of on resistance in parallel with the field-effect transistor Q1. 
[0020] Next, the turn-off time delay and fall time of the insulated gate bipolar mode transistor 
Q2 are explained. Drawing 2 is the figure showing a turn-off time delay and fall time. Switching 
signal Ws whose insulated gate bipolar mode transistor Q2 shown in drawing 1 is **5V in this 
figure Popularity is won as gate voltage VGE and the case where it operates is shown. 
[0021] Switching signal Ws According to change, the gate voltage VGE reaches 10% of the 
plus side voltage, i.e., +0.5V, from -5V at time t1 . Moreover, current Ic which flows into the 
emitter side from the collector side of the insulated gate bipolar mode transistor Q2 at time t2 
in response to the standup of this gate voltage VGE 10% of this maximum current value is 
reached, and 90% of this maximum current value is reached at time t3. The interval of time t1 
and time t2 is the turn-on time delay td (on). Being, the interval of time t2 and time t3 is the rise 
time tr. It is. In addition, the collector voltage VCE falls in response to the standup of the gate 
voltage VGE at this time. 

[0022] Moreover, the gate voltage VGE reaches 90% of the plus side voltage, i.e., +4.5V, from 
+5V at time t4. Moreover, current Ic which flows into time t5 through the insulated gate bipolar 
mode transistor Q2 in response to falling of this gate voltage VGE 90% of this maximum 
current value is reached, and 10% of this maximum current value is reached at time t6. The 
interval of this time t4 and time t5 is the turn-off time delay td (off). In addition, the collector 
voltage VCE rises in response to falling of the gate voltage VGE at this time. Moreover, the 
interval of time t5 and time t6 is the fall time tf. It is. 

[0023] Next, operation of the switching power supply circuit 10 of this invention is explained 
using a time chart. Drawing 3 is the time chart of the switching power supply circuit shown in 
drawing 1 . This time chart shows the signal which changes according to progress of the time 
in the switching power supply circuit 10. Current Ip which flows through PWM signal Wp, the 
delay signal Wd, switching signal Ws, and the field-effect transistor Q1 from the upper part of 
Drawings And current Ic which flows through the insulated gate bipolar mode transistor Q2 
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Each signal is shown. 

[0024] It is PWM signal Wp at time t1 1 . The turn-off time delay td (off) and fall time tf which are 
shown in drawing 2 from time t1 1 when it rises Time shown by peace (-- it is only hereafter 
called "the time delay td".) - only - being behind - time t12 - the delay signal Wd and 
switching signal Ws And current Ip It rises. Moreover, current Ic A standup is completed at time 
t13 for the delay of switching of the insulated gate bipolar mode transistor Q2. Here, voltage 
between drain sources at the time of the flow of the field-effect transistor Q1 and the insulated 
gate bipolar mode transistor Q2 and collector to emitter voltage are taken as a thing small 
enough as compared with both input direct current power supply voltage. [ a current value 
when only the field-effect transistor Q1 has flowed ] under this assumption After the insulated 
gate bipolar mode transistor Q2 flows, it is almost equal to the sum of each current value 
shunted toward both sides according to the ratio of the on resistance of the field-effect 
transistor Q1 and the insulated gate bipolar mode transistor Q2. 
[0025] And it is PWM signal Wp at time t14. In falling, it is the switching signal Ws. It falls, 
moreover, time t13 to time delay td only -- being behind - time t14 - delay signal Wd It falls. 
Current Ip Once reaching a maximum current value at time t14, it is set to **0A according to 
the switching signal Wd. Current Ic Turn-off time delay td (off) back current begins to fall from 
time t14, and it is set to **0A at time t15. 

[0026] PWM signal Wp which similarly is inputted at time t1 1 even if different pulse width is 
inputted at time t21 - time t21 to time delay td only - being behind - time t22 - the delay 
signal Wd and switching signal Ws And current Ip It rises. Current Ic A standup is completed at 
time t23 for the delay of switching of the insulated gate bipolar mode transistor Q2. moreover, 
the time t24 - PWM signal Wp falling -- switching signal Ws falling - time t24 to time delay td 
only - being behind -- time t25 - delay signal Wd Falling is completed. Current Ip Once 
reaching a maximum current value at time t25, it is set to **0A according to the switching 
signal Wd. Current Ic Turn-off time delay td (off) back current begins to fall from time t24, and it 
is set to **0A at time t25. 

[0027] In this way, PWM signal Wp When changing from OFF to ON, it is the delay signal Wd. 
The received field-effect transistor Q1 turns on previously (time t12, t22), and the insulated 
gate bipolar mode transistor Q2 turns on after that (time t13, t23). On the contrary, PWM signal 
Wp The insulated gate bipolar mode transistor Q2 which received the switching signal Ws 
when changing from ON to OFF begins (time t14, t24) to turn off previously. Since it turns off 
with the field-effect transistor Q1 after that (time t15, t25), it is PWM signal Wp. The changes 
loss by on-off can be reduced. 

[0028] Moreover, when on resistance connects the low insulated gate bipolar mode transistor 
Q2 in parallel with the field-effect transistor Q1, flow loss can be reduced and the fall of output 
voltage can be prevented. 
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[0029] Furthermore, time delay td The turn-off time delay td (off) and fall time tf By considering 
it as the time shown by peace, while the field-effect transistor Q1 turns on, OFF operation of 
the insulated gate bipolar mode transistor Q2 can be carried out certainly. 
[0030] In the above explanation, switching time of the field-effect transistor Q1 is set to "0", and 
it is the time delay td. The turn-off time delay td (off) and fall time tf although it was considered 
as the time shown by peace It responds to the combination of the field-effect transistor Q1 
used without restricting to this, and the insulated gate bipolar mode transistor Q2. While the 
field-effect transistor Q1 turns on, you may set the insulated gate bipolar mode transistor Q2 
as the optimal time which can carry out OFF operation certainly. 
[0031] 

[Effect of the Invention] The delay circuit which received the PWM signal outputted from the 
pulse width control circuit in this invention as explained above outputs a delay signal. An AND 
circuit outputs a switching signal and a field-effect transistor is intermittent in direct current 
voltage in response to a delay signal. Since it constituted so that the insulated gate bipolar 
mode transistor connected in parallel with a field-effect transistor might be intermittent in direct 
current voltage in response to a switching signal Changes loss can be reduced by the fast 
switching of a field-effect transistor, and flow loss can be reduced with an insulated gate 
bipolar mode transistor. 

[0032] Therefore, since the calorific value of the whole switching power supply circuit can also 
be reduced, the volume of a radiator is reducible with reduction of changes loss and flow loss. 



[Translation done.] 
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